Attention has been paid to the use of vocal characters in avian taxanomy (Lanyon 1969; Selander 1971) and attempts have been made to compare the calls of procellariiforms (Hall-Craggs & Sellar 1976; Sparling 1977; Sparling & Williams 1978; Thibault & Holyoak 1978; Ainley 1980; Jehl 1982; Imber 1985) . However, the majority of these have been inadequate because sample sizes are often small, leading to qualitative comparisons only; and account has not been taken of sexual differences in voice (Brooke 1978; Ristow & Wink 1980; James & Robertson 1985a , 1985b . It has been suggested that such vocal comparisons not be made until the vocal characters concerned can be analysed as rigorously as more traditional mensural characters (Bourne & Jehl 1982) . With this in mind, the calls and biometrics of two pairs of petrel species were compared in order to determine whether the calls were as useful as traditional morphometrics in separating the species.
METHODS
The calls and body measurements of male Manx Shearwaters Puffinus puffinus and Little Shearwaters I? assirnilis were used for one comparison, and those of male British Storm Petrels Hydrobates pelagicus and Madeiran Storm Petrels Oceanodroma castro were used for the other. Calls and measurements of the Manx Shearwater and British Storm Petrel were collected at Skomer Island, U.K. (5lo45'N, 5"18'W), and those of the Little Shearwater and Madeiran Storm Petrel were collected at Great Salvage Island (30°09'N, 15'52'W) in the eastern sub-tropical Atlantic.
For the two shearwaters, four morphological variables were taken for comparison: tarsus length, bill length, wing length and body weight. Tarsus length was measured from the middle of the mid-tarsal joint to the distal end of the tarso-metatarsus; bill length was taken along the dorsal mid-line from the edge of the feathering to the tip of the hook; wing length was a flattened and straightened chord. The calls of the two species were recorded using a Uher 4000 IC tape recorder, and were always of birds calling from burrows. These were played through a Kay 6061-B Sound Spectrograph and sonagrams produced using the wide band filter. Six call variables were measured for comparison between the two species ( Fig. 1 ).
Figure 1. Sonagrams of male (A) Little Shearwater and (B)
Manx Shearwater showing call variables measured: T1 = call length; T2 = breath note length; T3 = gap between breath note and rest of call; T4 = gap between successive calls; F1 = maximum frequency of introductory note; F2 = maximum frequency of whole call.
For the two storm petrels, four morphological variables were also compared: tarsus length, bill length, wing length and tail length. Tail length was measured from the tip of the longest feather to the point of insertion into the body, and other measures were taken as for the shearwater pair. Recordings were made of their respective Burrow Calls (see Cramp & Simmons 1977; James & Robertson 1985b ) from birds calling in burrows, and sonagrams produced as for the shearwaters. Five call variables were measured for comparison between the two species (Fig. 2) . All birds used for the study were known males, sexed either cloacally (Serventy 1956) or vocally (Brooke 1978; James 1984; James & Robertson 1985a , 1985b . Two levels of analyses were undertaken for each pair of species. First, the mensural and call data were compared using univariate analyses of variance (ANOVA); and second, they were compared using multivariate discriminant function analyses. The latter was chosen as a statistical procedure as it is commonly used in biosystematics (Sokal & Rohlf 1969) .
RESULTS AND DISCUSSION
Highly significant differences existed between the Manx and Little Shearwaters with regard to their respective body size measures (Table I ). In addition, the differences between their respective call variables were also significant ( Table I ). The multivariate discriminant analyses of the body size and call variables produced highly significant separations for both types of measures (Fig. 3) . However, the body size variables produced a stronger discrimination between the two species than the call variables did. A parallel situation existed in the storm petrel pair. Both body size and call variables were significantly different between British and Madeiran Storm Petrels (Table 11 ). In addition, the multivariate discriminant analyses of their respective body size and call variables produced highly significant separations between the two species (Fig. 4) . However, as with the shearwater pair, the discrimination was greater using the body size measures.
The results suggest that the quantitative use of call variables alone could be useful in separating petrel taxa as significant separations were achieved (Figs. 3 and 4) . Vocalizations have been employed in avian systematics (Lohrl 1963; Lanyon 1969; Selander 1971; Hand 1981; Jouventin 1982; Sparling 1983 ), yet most studies of the order Procellariiformes have used more traditional morphological methods.
While it may be argued that the comparisons made here were somewhat 'unnecessary' as there are no systematic problems concerning the two pairs of species examined, the analyses were undertaken in order to investigate the relationship between the morphological and vocal approaches. The separations obtained with voice were not as significant as those obtained using body size variables (Figs 3 and 4) suggesting that the use of vocal characters is less reliable than mensural characters. In the present two examples, the interspecific differences in calls more or less parallelled those of morphology. For petrel taxa in which morphological characters were relatively more conservative, however, studies of calls could be important in establishing taxonomic limits, as shown in other groups (Selander 1971) . T h e demonstration o f differences between homologous calls alone does not provide unequivocal evidence for the establishment o f such limits, but must be used in conjunction with other data in forming a decision.
Vocal characters will probably not gain wide usage in avian systematics simply because they are not needed (~a n~o n 1969). ~o r~h d l o~i c a l charaiters have usually been adequate in demonstrating specific limits. In certain groups, however, vocal characters may aid discrimination between taxa e.g., non-passerines that perform courtship under conditions of low light intensity o r in habitats that restrict visibility (Lanyon 1969) . Systematic studies using voice have been performed o n owls (Marshall 1978), a n d the nocturnal members o f the P r ocellariiformes may also be suitable candidates for similar analyses.
